Introduction
Mental health problems in childhood and early adolescence are common and known to be associated with both current and later impairment [1] [2] [3] . Low familial socioeconomic status (SES) is one of the several environmental adversities found to increase the risk of mental health problems in these age groups [4, 5] . Understanding the mechanisms between low SES and childhood and early adolescent psychopathology could ultimately contribute toward insight into the etiology of mental health problems and improve the interventions to prevent and reduce burden from such problems.
It is still unclear whether the association between SES and mental health is unique for specific age groups. While some researchers have suggested that the influence of family SES on mental health diminishes during late childhood and adolescence (e.g., [6] ), others have demonstrated that the influence of SES persists (e.g., [7, 8] ). Methodological differences across the studies such as definitions of SES and mental health, selection of informants, cultural differences as well as the age of the participants in the studies, may have contributed to the conflicting results.
Most studies of associations between familial SES and mental health in childhood and early adolescence have used composite scores as measures of SES and mental health. Starfield, Robertson, and Riley [9] measured SES by combining parental employment and education status and defined mental health problems among 6-to 11-yearold children using parent and child reports on the Child Health and Illness Profile-child edition (CHIP; [10, 11] ). They found that lower SES was related to more problems according to the parent reports, but not to the children's self-reports. However, a comparable study with adolescents (aged [11] [12] [13] [14] [15] [16] [17] confirmed the relationship between adolescents' self-reported mental health problems and lower parental SES [12] . Amone-P'Olak et al. [13] used a composite measure of family socioeconomic status (comprising family income, parents' educational level and occupational status) in a sample of 2,230 children aged [10] [11] [12] . Mental health problems were measured using ASEBA instruments (Child Behavior Checklist [CBCL] , Teacher Report Form [TRF] and Youth Report Form [YRF] ; [14] [15] [16] ) completed by parents, teachers and the children themselves. In line with the previous studies, those with low and intermediate socioeconomic position had increased odds for both internalizing and in particular for externalizing problems.
Others have investigated how particular facets of SES are associated with mental health problems in childhood and early adolescence. von Ruden et al. [17] investigated the independent effect of family economy and parental education levels in a sample of children (aged [8] [9] [10] [11] and adolescents (aged [12] [13] [14] [15] [16] [17] [18] . Those from less wealthy families scored lower on all health-related quality of life (HRQoL) scales. Low parental education predicted lower scores on psychological wellbeing, moods and emotions in children, but not in the adolescents. In another recent study using two longitudinal samples, Huisman et al. [18] found that whereas family economy was associated with both internalizing and externalizing problems, maternal education was associated with externalizing problems only.
Although studies using a composite score of SES have made valuable contributions to our understanding of the association between familial SES and mental health problems in childhood and early adolescence, the aforementioned studies suggest there may be differences in associations depending on the different facets of SES adopted. Broad indicators of mental health problems may conceal more specific associations with SES, as demonstrated in studies where SES are more strongly related to particular problems than others (see [19] for review, [20] ). Finally, we argue that reliability of measurements of mental health problems in children and young adolescents may be improved by combining the reports from multiple sources and by gathering the information about both symptoms and impact. This measurement strategy has been advocated in the literature as combined responses improve the accuracy in prediction of disorders and estimates of a psychiatric diagnosis [21] [22] [23] .
The overall aim of the present study was to provide more detailed information about associations between SES and mental health in childhood/early adolescence. We included three different indicators of SES (i.e., reported family economy, paternal education level and maternal education level) as well as a comprehensive assessment of mental health, including multi-informant measures of both symptoms and impact on the child's everyday functioning in order to calculate probability of psychiatric disorders. The following research questions were addressed: (1) Is there a general inverse relationship between SES and mental health problems across SES indicators (family economy and parental education levels) and across different mental health domains (conduct-, hyperactivity/inattention-, emotional-and peer problems)? (2) Do family economy and parental education levels have a differential impact on measures of the different symptom dimensions of mental health problems? and (3) Do children with low SES have a higher risk for particular kinds of mental health problems?
Methods

Participants
Data on mental health status and SES stem from the second wave of the Bergen Child Study (BCS), carried out in 2006 (for more information about the BCS and related publications, see http://helse.uni.no/barnibergen). As the protocol and population have been detailed elsewhere [1, 22, 24] , only a brief description will be provided in the current paper. The BCS is a population-based study of children in all public, private and special schools in the city of Bergen, Norway. In 2002, a target population of 9,430 primary school children (7-9 years) was included in the first wave of the study. Informed consent was received from 7,007 parents. The present study includes data from the second wave, conducted in 2006 when the children were in their fifth to seventh grades (11-13 years). Information about 5,781 children was obtained. Ethnic diversity was minimal [25] , and mean age was 11.8 (SD 0.8). Fifty-two percent of the total sample was female. Compared to the wave one sample, the participants in wave two had somewhat lower symptom scores on teacher and parent reported Strengths and Difficulties Questionnaire (SDQ) [26] total difficulties score, but the differences were small to moderate (results not shown). The study was approved by the Regional Committee for Medical Research Ethics in Western Norway and the National Data Inspectorate.
Measurement
The present study defined SES from parent information about family economy and parental education. The parents were asked to describe their family economy on a fivepoint scale with the categories: very good, good, average, bad, and very bad. The economy-categories bad and very bad were collapsed (into a category called poor) due to a small number of participants in the very bad category. We obtained data on actual monetary income from a subsample of 642 participants and found a strong correlation (r = 0.586, p \ 0.001) between described family economy and reported monetary income.
Regarding education, parents were asked to report the highest educational level completed by both mother and father, with the following options given: Elementary school; Vocational upper secondary school; General upper secondary school; College/University less than 4 years; or College/University, exceeding 4 years. Based on this, three categories of education were created: basic (Elementary school), intermediate (High school Vocational and High school General) and high (College University less than, and exceeding, 4 years). Information about maternal education levels was provided by mothers (70.1%), fathers (10%), both (19.4%) or others (0.6%), whereas information about paternal education was provided by mothers (68.7%), fathers (10.8%), both (20%) or others (0.5%).
Family economy and parental education levels were weakly correlated (paternal education level r = 0.256, p \ 0.001; maternal education level r = 0.214, p \ 0.001). A moderate correlation was found between paternal and maternal education levels (r = 0.443, p \ 0.001).
Mental health was defined according to scores on the SDQ (available from http://www.sdqinfo.org) [26] , which was completed separately by parents, teachers and the children. The SDQ is a screening questionnaire for children aged 4-16 years, comprising 25 items describing positive and negative attributes of children allocated to five subscales with five items each: (1) emotional symptoms (2) conduct problems (3) hyperactivity-inattention problems (4) peer relationship problem and (5) pro-social behavior (not used in the current study). Each subscale is scored on a three-point scale; not true, somewhat true, and certainly true, with total subscale scores each ranging from 0 to 10.
The SDQ was scored according to the SPSS syntax provided on the SDQ website. Subscales are created if there is a response on at least three out of five items, using mean substitution in case of missing data on items. The SDQ has been extensively validated in various countries [1, 27, 28] . A recent review of 48 studies (including a total sample of 131,223 participants) found the psychometric properties of the SDQ to be strong and recommended its continued use as a screening instrument [29] .
Information about impact on everyday functioning was gathered using the impact supplement of SDQ [30] , where parents are asked if their child has problems with emotions, concentration and behavior or with getting along with other people. If they confirm such problems, they are asked about duration, if the problem upsets or distresses the child, and if the problems interfere with the child's everyday life in four areas (home life, friendships, classroom learning, or leisure activities) as in the disability assessment domains of the multiaxial classification of child and adolescent psychiatric disorders [31] . Finally, the parents are asked whether the difficulties put a burden on the family as a whole. The teacher version of the impact supplement is similar to the parent version, but uses a different wording (e.g., ''this child'' instead of ''your child'', and burden on the ''class'' rather than on the ''family'') and assess to which extent the problems interfered with the child's peer relationships and classroom learning. The level of impact was scored according to the syntax available on the SDQ website (see http://www.sdqinfo.org/c1.html), where the threshold for scores greater than two is classified as abnormal and a score of one is borderline [30] . The ranges of scores were 0-6 for teacher reported impact, and 0-10 for parent reported impact.
A predicted diagnostic probability rating for psychiatric disorders (hyperactivity/inattention, conduct disorder, emotional disorder) was calculated according to an algorithm presented by Goodman et al. [21] . The algorithm generates probabilities for psychiatric disorders by combining the reported parent, child and teacher SDQ subscale, and the impact scores described in the previous section. The procedure for defining probabilities for the disorders is described in detail on the SDQ website along with algorithms for use in various statistical packages (see http://www.sdqinfo. org/c4.html).
The algorithm performs moderately well in clinical samples [21] . In a community sample, Goodman et al. [32] found the algorithm to detect around two-thirds of children with a psychiatric disorder, but performance of the algorithm varied by the type of disorder; it detected around 70-90% of children with conduct, hyperactivity, depressive and some anxiety disorders, but for specific phobias, separation anxiety and eating disorders, detection rates dropped to 30-50%. The algorithm has also been successfully applied in another study using the same sample as in the current [22] . In a subsample of chronically ill, the algorithm was found to have good sensitivity (77.3%) and specificity (88.5%), the positive predictive value was 57% and the negative predictive value was 93%. Hysing et al. [22] also demonstrated how including the impact measure contributed to a substantial gain in specificity without any significant losses in sensitivity.
Statistical analyses
Statistical analyses were conducted using R version 2.10.1 for Windows [33] . The associations between social gradients and self-reported symptom scores were assessed using multiple linear regression analysis with family economy and parental education levels as predictors and self-reported SDQ symptom scores as outcome measures. Preliminary analyses revealed that the residuals of the SDQ subscales violated normality. It is, however, unlikely that this should impact the results given the sample size in this study [34] .
Logistic regression analyses were conducted to assess the association between SES and the diagnostic probability scores, which were created by combining self-, parent-and teacher reported symptom-and impact scores. The diagnostic probability ratings were dichotomized by combining the ''possible'' and ''probable'' ratings. As the ''possible'' rating may indicate a borderline clinical mental health disorder that should be monitored [21] , including this may increase the relevance of our findings in a public health perspective. The dichotomized predicted probability score was entered as the dependent variable (with unlikely =0 and possible/probable =1) with parent reported family economy, paternal and maternal education levels entered as categorical predictors.
Both regression analyses were organized in a similar manner: in Model 1 each predictor was entered individually to assess its univariate association to the outcome measure; in Model 2 all predictors were entered in a single step to assess their multivariate associations to the outcome measure. Multicollinearity among the predictors was assessed by standard methods (variance inflation factor, tolerance and condition number [34] ), none of which suggested any problems.
Results
Demographic characteristics of the sample are shown in Table 1 .
There were slightly more girls than boys in our sample, and there were approximately equal numbers of children from each of the three school years sampled. With regards to perceived family economy, approximately one-third of our sample described their economy as average and only a marginal (2.8%) proportion reported having a poor family economy. The majority (68.1%) described their economy as good or very good. Regarding parental education levels, the majority of our respondents reported education beyond high school, and only a small proportion reported elementary school as their highest level of education.
SES and symptoms of mental health problems
The mean self-reported symptom scores with 95% confidence intervals for each of the specific SDQ subscales are portrayed across each SES-indicator in Fig. 1 .
A monotonic pattern emerged illustrating that the selfreported SDQ symptom scores within each domain of mental health problems decrease as family economy improves and parental education levels increase. Both family economy and parental education levels predicted the levels of self-reported symptoms of mental health problems across all the four domains in the univariate regression analyses (Table 2 , model 1).
Differential association between family economy and parental education levels on symptom scores
In the multivariate regression analyzes where all predictors were entered simultaneously in one step, poorer family economy persisted as significant predictors of higher symptom scores across all the four domains of self-reported mental health (Table 2 , model 2). Lower parental education levels predicted higher symptom scores on the subscales conduct problems and hyperactivity/inattention, but only father's lower education level predicted higher symptom scores on the subscale of emotional problems Table 2 , model 2). Whereas the b-values were higher for family economy than for parental education levels for emotional problems and peer problems, the b-values for education and family economy were of a more similar magnitude for conduct problems and hyperactivity/inattention problems. This suggests that the association between family economy and parental education levels varies by problem type; for hyperactivity/inattention and conduct problems, both family economy and parental education levels had an independent contribution to explained variance, but for emotional-and peer problems, the explained variance was mostly attributed to family economy. Inspection of the R-and R 2 -values indicated that SES status explained slightly more variance in hyperactivity/inattention-and conduct problems than in emotional-and peer problems.
SES and multiple informant diagnostic probability ratings of psychiatric disorder
The univariate logistic regression model (cf . Table 3) showed that both average and poor family economy was Fig. 1 Mean SDQ symptom scores as a function of family economy and maternal and paternal education levels. Error bars represent 95% confidence intervals of the mean. There were four categories of family economy, and three categories of education levels as indicated in the figure axis significantly associated with higher levels of conduct disorder and emotional disorder. Only poor family economy increased the odds for hyperactivity/inattention disorder. In the univariate analyses, both intermediate and basic parental education levels increased the odds for diagnostic probability across all the three domains (i.e. emotional problems, conduct disorder and hyperactivity/inattention disorder) of mental health problems.
In the multivariate analyses (cf. Table 3 , models 2) both average and poor family economy increased the odds of emotional disorder, but only poor family economy did so for conduct disorder and hyperactivity/inattention disorder. Paternal education levels intermediate and basic increased the odds for conduct disorder, but only basic paternal education level did so for emotional disorder and hyperactivity/inattention disorder. With regards to maternal 
Discussion
In the present large population-based study of children aged 11-13, we found a general inverse monotonic univariate relationship between different SES indicators (i.e., family economy, maternal education level and paternal education level) and multiple domains of mental health problems as defined by the SDQ subscales (symptoms of emotional-, conduct-, hyperactivity-/inattention-and peer problems). A more detailed analysis of the differential impact of SES measures showed that while poorer family economy was independently and consistently related to all mental health problems, both as measured by symptom counts and probability of psychiatric disorder, parental education levels showed a more differential pattern across the different types of mental health problems. This suggests a more varied influence of family economy and parental education levels on peer-and emotional problems than on hyperactivity/inattention and conduct problems. A key finding of the current study was the robust inverse monotonic pattern of decreasing symptoms across multiple domains of mental health problems with increasing family affluence and higher levels of parental education. This is in line with previous research that has uncovered a graded relationship between children's health and SES [9, 17, [35] [36] [37] [38] . Our study adds to the current knowledge by investigating the robustness of this association separately for different indicators of SES across several dimensions of mental health problems simultaneously in the same sample.
A negative association between poor family economy and mental health problems in 11-to 13-year-old children has also been reported in earlier studies [39] (but see also Merikangas et al. [40] for contrasting results). In contrast to the results obtained by von Rueden et al. [17] , our results suggest that parental education levels to some extent continue to influence the mental health of adolescent children (older than 11 years old). The age span in the adolescent group in von Rueden et al.'s study (12) (13) (14) (15) (16) (17) (18) was wider than the age span in the current study (11) (12) (13) , and it is therefore possible that the association between parental education levels and mental health problems observed in the current study is of a residual nature, and would have diminished in a sample with a wider age span.
Previous studies have suggested that SES is more closely related to the externalizing than to the internalizing domain [20, [41] [42] [43] , but few studies have compared the influence of SES on different domains of mental health problems simultaneously in the same sample. In one of the few such studies, Amone-P'Olak et al. [13] found that both low and intermediate SES independently predicted higher odds for most problem types by the Achenbach scales (CBCL, TRF, YS). However, it was found that when adjusting for externalizing problems, the association with internalizing problems attenuated, suggesting that the association between SES and internalizing problems in part may be due to shared components with externalizing problems. The results may also be related to the fact that there is some overlap between the internalizing and externalizing domains in the CBCL [44] .
Amone-P'Olak et al. [13] used a composite measure of SES consisting of family income, parental education levels and parental occupation status which limits the validity of direct comparisons with our results. However, we did find some support for the SES-indicators being more strongly related to symptoms in the externalizing domain (i.e., conduct-and hyperactivity-/inattention problems) than in the internalizing domain (i.e., emotional problems), and the total variance explained was somewhat greater for externalizing problems, but the differences were small. Similar findings were obtained by Huisman et al. [18] . Whereas family economy was associated with both internalizing and externalizing problems, maternal education was only associated with externalizing problems. A similar tendency in results from the current study adds support to a hypothesis of stronger association between SES and externalizing than internalizing problems. As externalizing problems are most prevalent in childhood whereas internalizing problems become increasingly more prevalent from adolescence and onwards [3, 45] , this may partly explain the lack of association between parental education levels and psychological wellbeing observed in adolescence [17] , and may also be related to the general observation of diminishing influence of SES on global measures of mental health observed during adolescence [6] .
The main strengths of this study were the large sample size, and that we evaluated the association between different indicators of SES and various domains of mental health problems simulataneously in the same sample. An additional strength was the use of a well-validated measure of mental health problems (the SDQ). We gathered selfreported information about the symptoms of mental health problems whereas information about SES was gathered from parents. This presumably reduced the risk of both measures being affected by reporter bias. For the diagnostic probability ratings, we combined information from multiple informants and assessed both the symptoms and impairment in order to improve the accuracy in prediction of disorders and estimates of a diagnosis [21] [22] [23] .
There are some limitations in the current study. For one, we did not obtain objective information about monetary income from all of our participants, although the strong correlation between monetary income and reported family income found in a subsample suggests that reported family income is a relatively accurate proxy for actual monetary income. With regards to the measure of parental education levels, this was based on self-report and not on register data, but is still of a more objective nature than the family economy measure. It is unclear to which extent the subjective and objective nature of the SES indicators may have affected our results. In contrast to parental education levels, we did find a more consistent association between family economy and mental health problems, which could suggest that subjective measures of SES is the better predictor of mental health problems. On the other hand, this was not confirmed by the multivariate analysis (i.e. the b values were not consistently larger for family economy than for parental education levels, cf. Table 2 ).
Another issue is related to the levels of measurement of our SES-indicators. Whereas family economy was measured across four levels (with relatively lower numbers of particpants in each of the extreme categories), we used only three categories of parental education (with the majority of the sample being classified at the highest level) (cf. Table 1 ). More categories of the economy-variable is likely to increase the variance attached to this variable in the multivariate models. As a sensitivity test, we reduced the economy variable to three categories (combining Bad and Average). Repeating the analyses using this version did not change any of the conclusions (results not shown).
There were also few respondents that reported having a poor family economy. Although the response proportion aligned relatively well with poverty rates reported in government statistics [46] , it may also be due to lower response proportions among those participants with lower SES compared to those with higher SES, a tendency that has been reported by others [47] . A low-response proportion does not necessarily produce biased results [48] , but it may have limited the external validity of our findings. However, the results from the current study align well with the pattern of results reported in previous studies, making it less likely that the low-response proportion have biased the results substantially. Another issue relates to the lower participation rate in wave two of the BCS compared to that of wave one. As mentioned, analysis of differences between the two samples suggested small to moderate differences in the direction of better mental health in the wave two sample. However, given the small differences between the two samples, and the relatively large proportion of participants remaining in the study in wave two, it seems unlikely that the current findings are primarily the artifacts of sampling.
Last, the cross-sectional design of this study poses some restrictions on the conclusions that can be drawn from this study. For one, it does not allow us to determine whether the effects of SES influence the incidence or the duration of early adolescent's mental health problems. Second, we cannot exclude the possibility of a reciprocal association between family SES and early adolescent's mental health problems. Although the influence of mental health problems on family SES is limited during pre-and early adolescence [49] , we cannot exclude the possibility that high levels of adolescent mental health problems force parents to work reduced hours or prevent them from taking a job. Finally, the results presented are essentially unadjusted, and there may be unobserved confounding that we have failed to recognize and include in our models. Beyond confounding, there should be scope for later studies to further address mediating and moderating factors in the relationship between SES and adolescent health.
The two key findings from the current study was the inverse univariate monotonic relationship between all SESindicators across multiple domains of mental health problems, and the inconsistent association between parental education levels and different types of mental health problems. Our results highlight how various facets of SES influence different mental health problems, and provide one possible explanation for the observed age-variation in the strength of the association between global measures of SES and/or global mental health problems of young age.
The results further suggest that both practitioners and researchers should be sensitive to social inequalities in children's mental health problems, even in populations where such inequalities are perceived to be small. The findings may also have implications for policy makers who should continue to strive for reduced social inequalities. It may be of particular importance to provide financial benefits; as it has been demonstrated in a naturalistic experiment that children in families that move out of poverty experience significant reductions in symptoms of conduct and oppositional defiant disorders, possibly through allowing their parents to spend more time supervising them [50] . Higher parental education levels have also positive implications for children's health, possibly due to highly educated parents having greater knowledge about children's development and general childrearing [see [51] for review]. Together with our findings of an association between higher parental education levels and lower levels of mental health problems in children, this suggests that there are potentially positive consequences of also providing equal and adequate access to educational opportunities.
